The performance of a heat pipe is analysed using Response Surface Methodology (RSM) with various input parameters namely heat input, angle of inclination, filling ratio, concentration of copper nanofluid and flow rate of coolant in the condenser over the output response i.e. the thermal efficiency of the heat pipe. The experimental design is developed based on Box -Behnken design method. The influence of vital input parameters and interaction among them are investigated using analysis of variance (ANOVA). The proposed mathematical model in this study has proven to fit and in line with experimental values with a 95% confidence interval.
INTRODUCTION
Heat pipes are considered as passive heat transfer devices that transfer the heat from heat source to sink. The heat pipes can be designed in a myriad of shape, sealed, evacuated vessels with a little amount of working fluid. The vessels are lined with a capillary structure (wick) which allows the condensate to travel through it (Reay and Kew, 2006) . The heat pipes are able to operate against gravity and tolerate very low temperature drops between the evaporator and the condenser. The performance of the heat pipe depends on numerous factors like heat input, angle of inclination, filling ratio of the working fluid in the heat pipe, etc. All the operating parameters play a key role and selection of these parameters ultimately depends on the application.
The conventional working fluids used in the heat pipe have poor heat transfer properties compared to solid metals. A new class of heat transfer fluids that are called as ''Nanofluids", which are engineered by suspending ultra-fine metallic or non metallic nano particles in conventional fluids such as water, engine oil, ethylene glycol (Choi, 1995) . The experimental results show that the nanofluids have remarkably higher thermal conductivity and greater heat transfer characteristics than conventional pure fluids (Xuan and Li, 2000; Daungthongsuk and Wongwises, 2007; Xuan et.al, 2003) . The thermo physical and transport properties of the conventional fluids are improved by adding the nanoparticles in base fluid. The effective thermal conductivity of nanofluids increases with increase in temperature (Das et.al, 2003) . This finding makes nanofluids even more attractive as a cooling fluid for heat transfer devices with high energy density.
The thermal enhancement using silver nano-fluid as the working fluid in the grooved heat pipe was studied with 10 and 35 nm size and reported that the increase in heat pipe wall temperature was lesser than that for a pure water filled heat pipe under various heat loads (Kang et.al, 2006) . The enhancement of heat pipe efficiency with R-11refrigerant-nanoparticles (titanium) mixtures was studied. The effects of the charge amount of the working fluid, heat pipe tilt angle on the efficiency of heat pipe has been measured. It has been found that the heat pipe with 0.1% nanoparticles concentration gives efficiency 1.40 times higher than that with pure refrigerant (Naphon et.al, 2009 ). The impacts of aqueous copper oxide nanofluids on the thermal performance of a horizontal heat pipe working at steady subatmospheric pressures are investigated and it was reported that the copper nanofluid can significantly enhance heat transfer coefficients of both evaporator and condenser sections and also the maximum heat flux of the heat pipe (Liu and Zhu, 2011) .
Response surface methodology (RSM) is a collection of mathematical and statistical techniques for developing, improving and optimizing the process parameters by careful design of experiments. The objective is to optimize a response (output variable) which is influenced by several independent variables (input variables). An experiment is a series of tests, called runs, in which changes are made in the input variables in order to identify the reasons for changes in the output response (Montgomery, 2005; Mohammed, 2010; Gunaraj and Murugan, 1999; Ramkumar and Ragupathy, 2012; Prabakaran et al, 2012) . In general the relationship is Y= f (X1,X2, X3, ….) ± ε.
(1)
Literature review on heat pipe performance reveals that the optimization of heat pipe using RSM does not have reported so far. Hence the present study employs RSM technique to optimize the operating parameters of heat pipe. The objective of the present investigation is to optimize the heat pipe operating parameters like heat input, angle of inclination, filling ratio, concentration of copper nanofluid and flow rate of the coolant on the condenser by response surface methodology of a copper-water heat pipe with screen mesh wick.
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EXPERIMENTAL ARRANGEMENT AND TEST PROCEDURE
The experimental setup of heat pipe and thermocouple locations are shown in Fig. 1 and 2 respectively. The evaporator of the heat pipe is heated by a cylindrical electric heater which is attached in the evaporator section of the container. The temperature distributions along the length of the heat pipe have been measured using copper-constantan (T-type) thermocouples. The surface temperature of the heat pipe in adiabatic region is measured using six evenly spaced thermocouples with an uncertainty of ±0.1 o C. In addition, three thermocouples are provided each on the evaporator section, on the condenser section and one each in inlet and outlet of the condenser jacket. The heat pipe is charged with working fluid, which approximately corresponds to the amount required to fill the evaporator which is nearly to 40 ml. At the beginning of the experiment, the evaporator temperature is 30°C for all experiments for comparison of results.
Fig. 1 Experimental arrangement

Fig. 2 Thermocouple locations of heat pipe
The cooling water is circulated in the cooling jacket to remove the heat of the working fluid. This cooling jacket is attached to the condenser section which is located at the end of the heat pipe. The heat pipe has the capability to transmit the heat through the internal structure. Therefore, an abrupt increase in the wall temperature could harm the heat pipe if the heat is not rejected at the condenser properly. Hence, the cooling water is first dispersed through the condenser jacket, before the heat is supplied to the evaporator. The condenser section of the heat pipe is cooled using water flowing through a circumferential water jacket. The cooling water flow rate is measured by a rotameter with an uncertainty of ±1% and the flow rate is kept constant at 0.08 kg/min. The initial temperature of cooling water is maintained at 28 o C at the time of starting the experiments. The inlet and outlet temperatures of the cooling water are computed using two copper constantan thermocouples.
The experimental specifications are given in Table 1 . The adiabatic section of the heat pipe is entirely covered with glass wool insulation to avoid the heat loss. The amount of heat loss from the evaporator and condenser surface is negligible due to the proper insulation in the heat pipe surface. The power input given to the evaporator section of the heat pipe is gradually increased to the preferred power level. The surface temperatures at six different locations along the adiabatic section of heat pipe are measured at regular time intervals until the heat pipe attains the steady state condition. Concurrently, the evaporator wall temperatures, condenser wall temperatures, water inlet and outlet temperatures in the condenser zone are also measured.
Once the steady state is reached, the input power is turned off and cooling water is permitted to flow through the condenser to cool the heat pipe and to make it ready for further experimental purpose. The steady state is defined as the variation in temperature which is less than ±0.1 o C for subsequent time intervals. Then the power is increased to the next level and the heat pipe is tested for its performance. The experimental procedure is repeated for different heat inputs and different inclinations of pipe to the horizontal and observations are recorded. The output heat transfer rate from the condenser is calculated by applying an energy balance to the condenser flow. The vacuum pressure in the inner side of the heat pipe is monitored by a vacuum gauge, which is attached in the condenser end of the heat pipe. The initial vacuum pressure inside the heat pipe is 70 to 75 cm of Hg, because at higher vacuum condition the heat pipe performs better. When the heat pipe is placed in the reverse direction, i.e. the evaporator is kept above the condenser, the condensate has to return back to the evaporator by the capillary action of wick only and against the gravity. This result in the reduction in the performance of the heat pipe compared to the performance of gravity assisted heat pipe. 
RESULTS AND DISCUSSIONS
In this experimental study the performance of the heat pipe is analyzed by response surface methodology (RSM). Box Behnken design method is employed with five input parameters namely heat input (A), angle of inclination (B), filling ratio (C) concentration of copper nano particle in the base fluid (D) and the flow rate of the coolant in the condenser (E) over the output response as thermal efficiency. DESIGN-EXPERT software is used for this analysis. Table 2 shows the range of input parameters. In RSM -1 means the minimum and +1 denotes the maximum value of each input parameters.
The computed values of the thermal efficiency are entered in the software design matrix. The Box-Behnken response surface methodology is used to develop the relationship between the experimental variables and the response that is thermal efficiency. A regression analysis is carried out to develop a best fit of the model to the experimental data, which are used to generate response surface plots. Table 3 shows the analysis of variance (ANOVA). The values of "Prob>F" less than 0.05 indicates model terms are significant. The value 0.05 shows that the regression is statistically significant at a 95% confidence level (P < 0.05). For the present case heat input (A), angle of inclination (B) and filling ratio (C) are playing significant effect than the concentration (D) and flow rate (E). The square values of angle of inclination (B), filling ratio (C), concentration (D) and flow rate (E) are also having significant effect on the performance of the heat pipe. The interaction effect between heat input and angle of inclination (AB) also has significant effect. The interaction effect of heat input with concentration (AD) and heat input with filling ratio (AC) also made some significant effect on the efficiency. The other effects like AE, BC, BD, BE, CD, CE and DE are insignificant. The "Pred R-Squared" value of 0.9843 (coefficient of determination) is in responsible agreement with "Adj R-Squared" of 0.9717. Adequate precision measures the signal to noise ratio. A ratio greater than 4 is desirable. Here the ratio of 30.5142 indicates an adequate signal. This model can be used to navigate the design space. The model F value is 78.34 and a probability value is less than 0.001 which indicates that the model is significant for to finding the thermal efficiency of the heat pipe. The sum of squares due to lack of fit, or more tersely a lack-of-fit sum of squares, is one of the components of a partition of the sum of squares in an analysis of variance, used in the numerator in an F-test. Based on ANNOVA, different coefficients were estimated to develop the following empirical relation to predict the thermal efficiency of the heat pipe. The values are Prob > F less than the 0.05 indicates that the terms are significant and values are greater than the 0.1 indicates that the insignificants. The lack of fit F value is 3.558 means the lack of fit not significant and it relative to the pure error. Non significant of lack of fit is good for model to fit. Based on the ANNOVA, the following empirical relation was developed to predict the thermal efficiency of the heat pipe. The df denotes the degree of freedom of the model and that value is 20. It is the number of values in the final calculation of a statistic that are free to vary. Mean squares are used in analysis of variance and are calculated as a sum of squares divided by its appropriate degrees of freedom. 
The thermal efficiency of the heat pipe is calculated as the ratio of heat rejection in the condenser section to the heat input at the evaporator section (Naphon, 2009 ). The working fluid in this analysis is copper nanofluid. The base fluid used in the copper nanofluid is DI water. The equation 2 valid for the experiments within the range of heat pipe operation mentioned in the table 2.It is observed from Fig. 3-6 that the thermal efficiency of heat pipe increases linearly with an increase the heat input in the evaporator section. The thermal efficiency of the heat pipe increases with increase in heat flux, due to the fact that the temperature gradient between the evaporator section and condenser sections increases. For higher values of heat input in the evaporator section, the heat generated in the surface is more and the working medium which is in the form of vapour moves vigorously into the condenser section. The cooling water in the condenser absorbs this excessive heat and as a result, the efficiency of the heat pipe increases.
The maximum heat input given to the evaporator based on the heat pipe heat transfer limitations (Table 4) .
From the figures (3, 7, 8 &9) it is evident that the heat pipe efficiency increases with the increase in the tilt angle up to certain angle and then decreases. This is due to the fact that, the gravitational force has a significant effect on the flow of working fluid between the evaporator section and the condenser section in addition to capillary action of wick. The thermal efficiency of the heat pipe reaches a maximum at 45° tilt angle afterwards the heat pipe thermal efficiency tends to decrease. This may be due to the strong formation of the liquid film at the inner side of condenser section resulting in the high thermal resistance between the vapour of the working fluid and the cooling medium in the condenser. From the figures 4, 7, 10 &11, the thermal efficiency is high at a 100% filling of the evaporator. If the filling ratio more than the volume of the evaporator, the space available for the flow of the vapour is reduced. At lower filling ratio, the amount of working fluid used to carry away the heat from the evaporator is reduced, so that the efficiency heat pipe is lowered. Figure 5 , 8, 10 & 12 show the variations of thermal efficiency of the heat pipe with concentration of the copper nanofluid. Thermal efficiency increases with the concentration of copper oxide nano fluid in the base fluid. The value of efficiency is maximum at 100 mg/lit of concentration of copper oxide nano particle in the base fluid. More than that value, the performance of the heat pipe gets reduced due to the agglomeration of nano particles which block of mesh holes in the wick. The variation effect of flow rate of coolant in the condenser is very less than the other parameters. Figure 13 shows the optimization plot with a desirability of 0.993 generated by RSM. It shows that the optimum value of the thermal efficiency is 50% when the heat input is 69.94W, at 43.34 o inclination, filling ratio of 100.15%, at a concentration of CUO 82.93 mg/lit and flow rate 0.10 kg/min. 
CONCLUSION
In this paper, the experimental results showed the thermal efficiency of the heat pipe and the statistical analysis results demonstrated that the effects of various operating parameters on the thermal efficiency. Empirical relation for thermal efficiency was developed to correlate dominant input parameters like heat input, angle of inclination, filling ratio, concentration of copper nanofluid and the flow rate of coolant using Response Surface Methodology. The influence of input parameters on the performance of heat pipe was analyzed based on the developed relation by RSM. The predicted value of RSM are very closer to the experimental results and it has reduced the number of experiments, because RSM provides useful interaction between different variables of the system. In the desirability function approach, the value of desirability was 0.993 for the RSM model very close to 1. The predicted RSM model is found to be capable of predictive thermal efficiency of heat pipe.RSM showed a better accuracy and capability of generalization with the design of experiments.
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